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Abstract
OBJECTIVE: To observe the effect of tonifying liver
and kidney-essence herbs on expression of a nerve
regeneration inhibitor, Nogo for neuron A (No-
go-A), and its associated signaling molecule, low-af-
finity neurotrophin receptor p75 (p75NTR), in rats
with cerebral ischemic stroke (CIS), with the aim of
exploring the possible mechanism of tonifying liver
and kidney-essence herbs in recovery following in-
jury to the central nervous system.
METHODS: A cerebral ischemic stroke model in SD
rats was established with the suture-occlusion
method. Successful model rats were divided into
placebo and herb groups at random; sham-operat-
ed and control groups were set up simultaneously.
Each of these groups was divided into six sub-
groups at random. Expression of Nogo-A and p75NTR
was evaluated with immunofluorescence microsco-
py at days 3, and weeks1, 2, 3, 4 and 8 after adminis-
tration.
RESULTS: Tonifying liver and kidney-essence herbs
suppressed the expression of Nogo-A and p75NTR
(P<0.05 and P<0.01, respectively).
CONCLUSION: Suppressing the expression of No-
go-A and p75NTR is possibly one of the mechanisms
underlying the ability of tonifying liver and kid-
ney-essence herbs to promote recovery of the in-
jured central nervous system.
© 2012 JTCM. All rights reserved.
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INTRODUCTION
It is considered that myelin-associated inhibitory mole-
cules and glial scars, which are another major source of
axon growth inhibitors, are factors that inhibit the re-
generation of the injured central nerve.1-5 Nogo-A is
one of these myelin-associated inhibitors, mainly pres-
ent in the cytoplasm of oligodendrocytes and having
strong axon growth inhibitory activity in vitro.6 The
Low-affinity Nerve Growth Factor Receptor (LNG-
FR), also known as p75NTR, is a co-receptor for No-
go-A, and is required for Nogo-A to transduce axon
growth inhibitory signals.7 From the viewpoint of Tra-
ditional Chinese Medicine (TCM) theory, Yin deficien-
cy of the kidneys and liver is involved in the entire
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pathological process of cerebral ischemic stroke. This
experiment aimed to investigate the mechanism of
TCM in repairing the injured central nerve by examin-
ing the dynamic expression of Nogo-A and p75NTR in
the brain tissue of a rat model of cerebral ischemic
stroke.
MATERIALS ANDMETHODS
Experimental materials
Healthy and clean SD rats, half male and half female,
weight 250-300 g per rat, were provided by the Labora-
tory Animal Center of The Fourth Military Medical
University (Qualified number: SCXK (army) 2007-
007). Traditional Chinese medicine (TCM) for tonify-
ing kidney and liver composition: Selected Radix
Rehmanniae Praeparata, Radix Polygoni Multiflori,
Colla Cornus Cervi, Eucommia ulmoides Oliv, Epime-
dium brevicornum Maxim and loranthus parasiticus.
All the above medicines were made into granules by
the Preparation Room of TCM Research Institute of
Shaanxi University of Traditional Chinese Medicine.
Each bag contained crude drug, 3.2 g. Rabbit anti-No-
go-A polyclonal antibody, Rabbit anti-p75NTR poly-
clonal antibody and fluorescein marked goat anti-rab-
bit IgG were purchased from Beijing Biosynthesis Bio-
technology Co., Ltd. A CM1850 type frozen section
machine (Leica) and a TS100-F inversion fluorescence
digital microscope (Nikon) were used for tissue prepa-
ration and analysis.
Experimental methods
Middle cerebral artery occlusion (MCAO) models
were generated based on Zea-Longa's suture-occlusion
method.8 The successful model rats were divided ran-
domly into the placebo group (n=36), the herb group
(n=36), the control group (n=36) and the sham-operat-
ed group. Each of these groups was divided into six
subgroups at random: day 3, and weeks 1, 2, 3, 4, 8.
Each subgroup was used for analysis after being treated
for 3 days, 1, 2, 3, 4 or 8 weeks. After the operation,
all the rats were given medicine as soon as they awoke
from anesthesia. In the control and sham-operated
groups, rats could drink and eat freely. In the placebo
group, the rats were given 3 mL saline to irrigate the
stomach once per day. In the herb group, the rats were
given herbs to tonify the kidney and liver. These were
dissolved in 3 mL saline to irrigate the stomach once
per day. Rats in each group were then subjected to
heart perfusion with 4% cold paraformaldehyde until
their neck and upper limbs were stiff. Then, their
brains were immediately excised and coronal slices
were made using the cryostat microtome at -20°C. Sec-
tions were placed onto polylysine-coated glass slides
and stored in the refrigerator until needed.
Immunofluorescence staining
The frozen sections were removed from the refrigera-
tor, dried at room temperature and washed with PBS.
3% peroxide was used to inactivate endogenous peroxi-
dase and 0.01 M citrate buffer solution was used to re-
cover the antigen. Sections were incubated in 10% nor-
mal goat serum for 20 min at room temperature and
then with 50 μL primary antibodies (dilution 1∶100)
at 37°C for 90 min. Subsequently, sections were incu-
bated with 50 μL fluorochrome-labeled goat anti-rab-
bit IgG (dilution 1∶30) at 37°C for 30 min, and then
sealed under glycerin buffer and observed under the
fluorescence microscope. For the negative control, 0.01
M PBS was used to replace primary antibodies to ex-
clude nonspecific labeling by secondary antibodies. All
the procedures were conducted away from light to
avoid fading of secondary antibodies.
Evaluation of immunofluorescence labeling
The image processing and analysis system was used to
analyze grayscale images to obtain semi-quantitative
measurements of the intensity of the immunohisto-
chemical reactions.
Statistical analysis
SPSS 13.0 software was used for data analyses. The re-
sults are expressed as mean±standard deviation. Analy-
sis of variance was adopted for comparing intergroup
differences. Comparison between two groups was per-
formed with q inspection. P<0.05 was considered to in-
dicate a statistically significant difference.
RESULTS
The effect of tonifying liver and kidney-essence herbs
on Nogo-A (Table 1)
From Table 1, we can see that the expression of Nogo-A
in the placebo and TCM groups increased after treat-
Group
Control group
Sham-operated group
Placebo group
Herb group
n
6
6
6
6
3 days
19.8±1.6
19.5±1.8a
28.6±2.7b
25.6±1.0bc
1 week
19.0±2.6
18.7±2.4a
23.4±1.8b
21.0±1.5bc
2 weeks
19.5±2.4
19.6±2.8a
19.1±2.7a
18.8±2.6ad
3 weeks
18.7±2.5
18.1±2.4a
19.6±2.4a
19.6±2.9ad
4 weeks
19.2±2.9
19.1±3.1a
19.6±2.4a
19.1±2.8ad
8 weeks
18.8±2.8
19.6±2.7a
20.0±2.6a
19.5±3.1ad
Table 1 Nogo-A immunofluorescence staining gray values ( xˉ ±s)
Notes: Compared with the control group, aP>0.05, bP<0.01; compared with the placebo group, cP<0.01, dP>0.05.
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ment for 3 days and 1 month, compared with the control
group. The effect is most obvious with treatment for 3
days; a statistically significant difference is observed
(P<0.01). However, compared with the placebo group,
the expression of Nogo-A in the TCM group was de-
creased; a statistically significant difference is observed
(P<0.01).
The effect of tonifying liver and kidney-essence herbs
on p75NTR (Table 2)
In Tables 2, we can see that the expression of p75NTR in
the placebo and TCM groups increased after treatment
for 3 days, 1 week and 2 weeks, compared with the
control group. The effect is most obvious with treat-
ment for 3 days; a statistically significant difference is
observed (P<0.01). However, compared with the place-
bo group, the expression of p75NTR in the TCM group
is decreased; a statistically significant difference is ob-
served (P<0.01, P<0.05).
DISCUSSION
Researchers have performed numerous studies on re-
generation following central nervous system injury.
From these studies, it was found that the main obstacle
to regeneration was the central nervous system micro-
environment, which is not conducive to the regenera-
tion of the neuron's axon, rather than an inherent qual-
ity of the axon itself. At present, the majority of experts
believe that among the microenvironmental factors af-
fecting central nervous system axon regeneration, inhib-
itors may play the most important roles. Nogo, consist-
ing of three homologous—Nogo-A, Nogo-B and No-
go-C—is a protein that inhibits axon growth, and is
found early on in the myelin of the central nervous sys-
tem. Nogo-A is mainly found in the central nervous
system, and has strong growth inhibitory activity in
culture. It is believed that when bound to its ligand,
NgR (the receptor for Nogo-A), p75NTR and Lingo-1
form a complex that activates the enzyme RhoA. The
subsequent activation of ROCK/LIM leads to actin de-
polymerization and growth cone collapse, resulting in
inhibition of axon regeneration. Studies have shown
that the inhibition of axon regeneration requires p75NTR 7
and Lingo-1.10
Studies show that methods that reduce the expression
levels of Nogo-A and p75NTR can improve the regenera-
tion of the injured nerve. For example, Marjo examined
the effect of Nogo-A deficiency on nervous system regen-
eration. He found that compared with wild rats, rats defi-
cient in Nogo-A had greatly enhanced regeneration of
corticospinal tract nerve fibers. Through cerebral injec-
tion of Nogo-A antisense oligonucleotide (ASODN), he
was able to reduce Nogo-A mRNA and protein levels in
the rat cerebral cortex. Consequently, the inhibition me-
diated by Nogo-A in the CNS was reduced.11 Another
group, Wang and colleagues, used p75NTR mutant rats, in
which NgR and p75NTR were deleted,12 and they found
that there was no inhibitory effect of the myelin sheath
on neuronal or nerve fiber growth.13
From the perspective of TCM, it is thought that Yin
deficiency of the liver and kidney plays a fundamental
role in the pathogenesis of ischemic stroke. With the
appearance of Yin deficiency of the liver and kidney,
various pathological changes can occur because of indi-
vidual differences in constitution and surroundings,
such as wind, heat (Huo), phlegm, Qi, blood, etc.
These factors are the pathogens directly underlying the
occurrence and development of stroke. Thus, once Yin
deficiency of liver and kidney occurs, it will manifest
in the entire pathological process of ischemic stroke.
Therefore, nourishing liver and kidney-essence is not
only the best treatment for ischemic stroke in the clin-
ic, it is also a suitable basis for radical treatment. From
the standpoint of modern medicine, recovery of brain
and limb function can benefit from nourishing liver
and kidney-essence. The kidney stores essence, and gov-
erns growth, produces marrow, and nourishes bone.
The essence stored in the kidney is the foundation of
living, and enhances the growth process. The brain is
the storehouse of marrow. Consequently, if there is
abundant kidney-essence, marrow will derive sufficient
nourishment from it. The liver stores blood, governing
the tendons. When the blood stored in the liver is not
adequate, the tendons cannot acquire sufficient nutri-
ents. Thus, nourishing the liver can help the recovery
of brain and limb function.
On the basis of a large number of reports, many years
of clinical experience in stroke treatment, and studies
of nourishing liver and kidney-essence herbs, a special
herb mixture was produced, made up of Radix Rehm-
anniae Praeparata, staghorn gel, Cortex Eucommiae,
Fleece Flower Root, Ramulus Taxilli and epimedy, and
the mechanism underlying the ability of nourishing liv-
Table 2 p75NTR immunofluorescence staining gray values ( xˉ ±s)
Group
Control group
Sham-operated group
Placebo group
Herb group
n
6
6
6
6
3 days
24.3±2.4
23.8±2.3a
34.6±3.0b
31.2±2.1bc
1 week
24.4±4.4
23.9±2.2a
31.6±2.0b
29.6±2.0bd
2 weeks
23.7±3.8
24.5±2.6a
29.3±3.3b
26.4±3.6bd
3 weeks
22.8±2.9
24.1±2.5a
24.4±3.3b
23.8±3.2ae
4 weeks
23.4±2.9
23.5±2.9a
24.4±3.31b
24.6±3.4ae
8 weeks
23.5±3.1
24.2±3.1a
23.7±3.5b
24.0±3.2ae
Notes: Compared with the control group, aP>0.05, bP<0.01; compared with the placebo group, cP<0.01, dP<0.05, eP>0.05.
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er and kidney-essence herbs to promote recovery fol-
lowing injury of the central nervous system was ex-
plored. Because all the medical components will direct-
ly act on the liver and kidneys, with good targeting
ability and a strong effect, this herb mixture is aimed at
treating ischemic stroke. Shudihuang (Prepared Radix
Rehmanniae) tastes sweet, is slightly warm-natured, be-
longs to the liver meridian and the kidney meridian,
and supplies vital essence and marrow. It especially
goes into the kidney meridian and nourishes water-kid-
ney, and is an important drug that greatly enriches con-
genital Yin. Zhunang Zhen states"It nourishes wa-
ter-kidney and congenital genuine-Yin". Heshouwu
(Polygonum multiflorum) tastes bitter and sweet, is
slightly warm-natured, and belongs to the liver meridi-
an and the kidney meridian. It is good at nourishing
the liver and the kidney, benefitting life essence and
nourishing blood. Ben Cao Zheng Yi states" Heshouwu
(Polygonum multiflorum) especially goes into the liver
and the kidney, nourishes genuine-Yin. It has the func-
tion of moderating Yin and Yang, helps to make Yin
not too much sluggish and Yang not too much dry, and
has the function of curing diseases and regulating Yin
and Yang". Lujiaojiao (antler gelatin) tastes sweet and
salty, is warm-natured, belongs to the liver meridian
and the kidney meridian, and has the function of nour-
ishing the liver and the kidney and benefitting life es-
sence and marrow. Yu Qiu Yao Jie states "Lujiaojiao
(antler gelatin) can warm the liver and nourish the kid-
ney and benefit life essence and marrow". Yinyanghuo
(Epimedium) tastes pungent-spicy, is warm-natured,
belongs to the liver meridian and the kidney meridian,
and can warmly nourish the kidney, dispel wind and
eliminate dampness. Ben Cao Bei Yao states"Yinyang-
huo (Epimedium) can nourish the kidney, benefit life
essence and strengthen bones and muscles". Yinyang-
huo has long been applied to treat apoplexy. For exam-
ple, as is recorded in The Guide of Medicine, "Yinyang-
huo (Epimedium) can supplement the deficiency of
the kidney, strengthen the kidney Yang, and cure the
unfavorable activities or the skinny numbness of hands
and feet caused by apoplexy". Duzhong (Eucommia)
tastes sweet and is warm-natured, belongs to the liver
meridian and the kidney meridian, and has the func-
tions of nourishing the liver and the kidney and
strengthening muscles and bones. Choosing these three
drugs can seek Yin in Yang; as is recorded in Jing Yue
Quan Shu, "doctors adept in supplementing Yin cer-
tainly will seek Yin in Yang, then Yin matches with suf-
ficient Yang, and the source (Yang) is inexhaustible".
Ischemic stroke patients suffer from having insufficient
healthy Qi and being susceptible to wind-cold damp
pathogen, and also suffer from limb dysfunction to
varying degrees. These three drugs have the function of
dispelling wind and eliminating dampness. Sang Ji
Sheng (parasitic loranthus) has the functions of nour-
ishing the liver and the kidney, strengthening muscles
and bones, dispelling wind-dampness, and smoothen-
ing energy channel, supplementing it to strengthen its
effects. The combination of these drugs will nourish
the liver and the kidney, benefit the life essences and
nourish blood, strengthen muscles and bones, dispel
wind-dampness, and smoothen energy channels. The
combination of these effects can fundamentally cure
ischemic stroke.
From our experiments, we found that after 3 days of ce-
rebral ischemia, the level of Nogo-A was significantly
increased. In the first week, expression was maintained
at a high level, and in the second week, it returned to
its normal level. This result is consistent with a related
study. The level of p75NTR also remarkably increased. In
the first and second weeks, expression was high, and in
the third week, it returned to normal levels. This tem-
poral difference in expression of p75NTR and Nogo-A
may be related to the intimate relationship between
p75NTR and the myelin proteins MAG and OMgp, be-
cause p75NTR participates in the MAG and OMgp sig-
naling pathways.
In summary, in the present study, we found that after
treatment with nourishing liver and kidney-essence
herbs, the expression of Nogo-A in cerebral ischemic
tissues significantly decreased after 3 days, as well as af-
ter 1 and 2 weeks (P<0.05, P<0.01), and the expres-
sion level of p75NTR was also significantly decreased af-
ter 3 days, as well as after 1, 2 and 3 weeks (P<0.05, P<
0.01, Table). The results of this study indicate that
nourishing liver and kidney-essence herbs can elimi-
nate negative factors affecting regeneration of central
nerves by inhibiting expression of Nogo-A and p75NTR
in rats with ischemic stroke. Treatment with these
herbs modulates the external microenvironment of the
central nerves, thereby improving recovery following
injury. This study provides insight into the molecular
mechanisms underlying the effect of nourishing liver
and kidney-essence herbs in recovery from central ner-
vous system injury. Our findings may encourage the de-
velopment of an effective therapeutic strategy for the
treatment of ischemic stroke, and encourage the devel-
opment of TCM strategies for cerebral injury.
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